The value of computed tomographic (CT) venography in combination with CT pulmonary angiography has been questioned because of the potential dangers of radiation. Accordingly, we retrospectively evaluated the diagnostic yield of 64-detector CT angiography with CT venography. Among patients who routinely underwent CT venography with CT angiography, the CT angiogram showed acute pulmonary embolism (PE) in 206 of 1903 patients (10.8%). A positive CT venogram in a patient with a negative CT angiogram was shown in 25 of 1903 patients (1.3%). Either the CT angiogram or the CT venogram showed venous thromboembolism in 231 of 1903 patients (12.1%). The proportion of patients with venous thromboembolism diagnosed only by a CT venogram was 25 of 231 (10.8%). In conclusion, the proportion of patients with venous thromboembolism diagnosed only by a CT venogram is sufficiently high to merit consideration of its use especially in those at high risk for DVT.
C omputed tomographic venous phase venography has been shown in many investigations to increase the sensitivity for detection of pulmonary embolism (PE) or its surrogate, deep venous thrombosis (DVT). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The sensitivity of mostly 4-detector CT angiography in the Prospective Investigation of Pulmonary Embolism Diagnosis II (PIOPED II) was increased from 83% to 90% by use of CT venography in combination with CT angiography, 1 the increase being not quite statistically significant. Based on this, the majority of PIOPED II investigators recommended using CT venography with CT angiography in the diagnostic evaluation of patients with suspected acute PE, 17 although some supported CT angiography in combination with an objective clinical scoring system such as the Wells model. 18 Because of the potential dangers of radiation, 19 however, the need for CT venography in combination with 16-detector or 64-detector CT angiography has come into question. 3 It is unknown whether the additional sensitivity for detecting small PE that might result from 16-or 64-detector CT angiography would obviate the need to evaluate the lower extremity veins with CT venography. Accordingly, we retrospectively evaluated results of the combination of 64-detector CT angiography with CT venography.
Methods and Materials
This was a retrospective 3-center cohort study of consecutive patients. We searched the local hospital's radiology information database to identify all patients in whom CT angiograms were obtained because of suspected PE. Patients were from the emergency service, outpatient clinics, and inpatient wards. From these data, we selected only patients who underwent both CT angiography and CT venography with 64-detector CT. Local interpretations of 64-detector CT angiogram/CT venogram combinations were reviewed at Massachusetts General Hospital, St Joseph Mercy Oakland Hospital, and University of Michigan. Approval by each of the local institutional review boards was obtained. The respective number of cases reviewed at each center was 304, 825, and 774. All or nearly all patients who underwent diagnostic testing by 64-detector CT for suspected acute PE had both a CT angiogram and a CT venous phase venogram. Exceptions at Massachusetts General Hospital were isolated requests for a CT angiogram without CT venography if the patient was young. At University of Michigan, all but about 5 who were pregnant had CT venography. At St Joseph Mercy Oakland Hospital, outpatients not seen by the emergency service (about 3%-5% of patients in whom CT angiography was performed) did not receive CT venograms.
The protocols for CT angiography/CT venography were as follows: contrast-enhanced CT was performed after the infection of 90 to 135 mL of low osmolar nonionic contrast material at a rate of 3.5 to 4.0 mL/s. After an injection-to-scan delay of 4 to 28 seconds as determined by bolus tracking software or a 15-mL test injection, CT angiography was obtained at 120 kVp, 300 to 400 mA. Collimation was 0.5 mm with 1.25 to 2.0 mm reconstruction. Rotation time was 0.3 to 0.5 seconds, and table speed 7.5 mm/rotation. Scans of the iliac, femoral, and popliteal veins were obtained 3 minutes after the onset of the initial contrast injection for the chest. At University of Michigan and Massachusetts General Hospital, scans commenced at the iliac crest and continued in a helical mode to the level of the knees. In the pelvis and legs, collimation was 7.5 mm with 7.5 mm reconstruction, table speed 3 cm/s, 120 kVp, 180 mA. At St Joseph Mercy Oakland, scans were obtained from the knees to the head of the femur with imaging 1 cm lengths at 120 kVp, 250 mA, and skipping 15 cm. Collimation was 4 mm.
Reports were reviewed to determine whether the CT angiogram showed PE and whether the CT venogram showed DVT. The quality of the CT venogram and whether the pelvic veins were imaged were assessed from the written report. The CT venogram was interpreted from the reports as either showing definite or probable acute DVT, not showing acute DVT, or not known from the report if DVT was present. The latter resulted either from the report having no statement about DVT or the reader may have indicated that he or she was uncertain of the presence DVT, that is, ''DVT questionable.'' If acute DVT was not shown, we assessed from the report if the CT venogram was ''adequate,'' ''suboptimal,'' or ''limited.'' Among patients in whom the CT angiogram showed no PE, but the CT venogram showed DVT, the medical records were reviewed to determine the results of compression ultrasound (if obtained), signs and symptoms of DVT, history of DVT, and the Wells clinical assessment score for PE. 18 
Statistical Analysis
Chi-square analysis was used to assess differences of proportions (InStat version 3.0; GraphPad Software, San Diego, CA). The 95% confidence interval (CI) for proportions was calculated using the Dimension Research, Lombard, Illinois. Inchttp://www. dimensionresearch.com/resources/calculators/conf_ prop.html.
Results
Among 1903 included patients, 40% were male. The age of males was 57 + 17 years (mean + standard deviation) and of females it was 56 + 18 years.
Results of 64-detector CT angiogram/CT venogram combinations were obtained in 1903 patients. Among these, the CT angiogram showed acute PE in 206 patients (10.8%; 95% CI ¼ 9.4%-12.2%; Figure 1 ). The detection of venous thromboembolism (VTE) was increased in 25 of 1903 patients (1.3%; 95% CI ¼ 0.8%-1.8%) by a positive CT venogram in patients with a negative CT angiogram. Therefore, either the CT angiogram or the CT venogram showed VTE in 231 of 1903 patients (12.1%; 95% CI ¼ 10.7%-13.6%). The proportion of patients with VTE in whom the diagnosis was based only on a positive CT venogram was 25 of 231 (10.8%; 95% CI ¼ 6.8%-14.8%; Figure 1 ).
The proportion of patients with negative CT angiogram and a positive CT venogram at the 3 centers ranged from 1.0% to 1.7% (all differences not significant; Table 1 ). The proportion of patients with VTE diagnosed only by CT venography ranged from 7.1% to 13.5% (differences not significant).
The quality of CT venograms as noted by the interpreting radiologist among all 1903 patients was good or fair in 1503 (79.0%), suboptimal, poor, limited, or nondiagnostic in 393 (20.7%), and in 7 (0.4%) quality was not stated in the report. Among the 390 patients with questionable (uncertain) DVT on the CT venograms, the quality of the CT venogram was good in 30 patients (7.7%), suboptimal, poor, limited, or nondiagnostic in 359 (92.1%), and quality was not described in 1 (0.3%).
Among the 25 patients with a positive CT venogram and a negative CT angiogram, the quality of the CT venogram was good in 21 and fair in 4. Information about involvement of the pelvic veins was available in 18 of these patients. Only the veins of the thigh showed DVT in 11 of these patients, and both the thigh veins and the pelvic veins showed DVT in 7 patients, one of whom also showed thrombi in the inferior vena cava. The quality of the CT angiograms in the patients who had a negative CT angiogram and positive CT venogram was good in 21 (84.0%) and fair in 4 (16.0%; Table 2 ). Among the 25 patients with a negative CT angiogram and a positive CT venogram, signs or symptoms or history of DVT were present in 13, absent in 9, and there was no information in 3 ( Table 2) . A compression ultrasound was obtained within 1 week in 15 of these patients and showed DVT in 11 (73%).
64-Detector
Among patients with a negative CT angiogram and positive CT venogram in whom the Wells score for PE was reported, 3 of 24 (12.5%) had a high probability score of >6, 16 (66.7%) had an intermediate score of 2 to 6, and 5 (20.8%) had a low probability score of <2.
Both CT pulmonary angiograms and CT venograms were negative in 1272 of 1903 (66.8%) patients, all of whom had good quality CT venograms (Figure 1) . A negative CT angiogram with an uncertain CT venogram occurred in 366 of 1903 (19.2%).
Pelvic veins were included in the CT venogram in 314 of 1903 patients (16.5%), not included in 392 (20.6%), and the reports did not comment on pelvic veins in 1197 (62.9%).
Discussion
The proportion of patients with VTE diagnosed by routine CT venography in this study was 10.8%. On average, the proportion of diagnoses of VTE made by 4-, 8-, or 16-detector CT venograms in previous studies was 14.1% (Table 3) . 1, 2, [4] [5] [6] [7] [8] 20 With single-detector CT, the proportion of diagnoses of VTE made by CT venography alone was 17.0% (differences not significantly different comparing single detector with multidetector CT; Table 3 ). [8] [9] [10] 21 However, venous phase CT venography alone in the current study with 64-detector CT was positive in only 1.3% of patients, which was lower than the average rate with 4-, 8-, or 16-detector CT (2.3%; P < .05) 1, 2, [4] [5] [6] [7] [8] 20 and lower than with single-detector CT (3.4%; P < .0001). [8] [9] [10] 21 Investigations that used double-detector CT 12 or combinations of singledetector CT, double-detector CT, or multidetector CT, [13] [14] [15] [16] or 16-detector and 64-detector CT 3 are also presented in Table 3 but were not used in these calculations.
With the low threshold for ordering CT angiograms, the prevalence of a positive CT angiogram is low and the prevalence of a positive CT venogram with a negative multidetector CT angiogram is even lower. These suggest that CT venography may be unnecessary in those with a negative multidetector CT angiogram. An investigation that used compression ultrasound in combination with 4-or 16detector CT angiography showed the proportion of diagnoses of VTE made by compression ultrasound was 1.6%. 22 With single-detector CT, the proportion of diagnoses of VTE ranged from 1.6% to 18.3% (average 7.7%; Table 4 ). [23] [24] [25] Ultrasound alone with 4-or 16-detector CT was positive in 0.6%. 22 With single-detector CT, ultrasound alone was positive in 0.4% to 3.1% (average 2.1%; Table 4 ). [23] [24] [25] Good technical quality 64-detector CT venograms were shown in 78.8% of patients. Technical quality in a prior study of CT venography with single-detector, double-detector, and 4-detector CT was excellent or good in nearly the same proportion 77%. 14 Variable quality of the CT venograms is inherent in the standard contrast dosage and acquisition parameters used for different patients. Differences of patient size, cardiac function, circulation rates, venous volumes, and competency of venous valves lead to variable quality of the CT venograms. If fewer patients had suboptimal CT venograms, the proportion with positive findings on the CT venogram would be no lower and probably higher.
The diagnostic yield of CT venography and compression ultrasound would be increased by selection of patients with signs and symptoms of DVT 26, 27 or a history of DVT. 3, 26 Among high-risk patients (previous VTE, history of cardiovascular disease, malignancy, or surgery), an investigation that used 16-detector and 64-detector CT showed that 4.9% had only a positive CT venogram, whereas 1.6% of low-risk patients had only a positive CT venogram (Table 3 ). 3 In PIOPED II, CT venography was positive more often (60%) in patients with signs and symptoms of DVT than in those without (8%). 26 In addition, CT venography was positive more often (26%) in patients with a history of DVT than in those without (13%). 26 In the current study, we showed that patients with only a positive CT venogram had clinical findings or a history of DVT in 60%.
The rationale for performing CT venography is that treatable disease missed by CT angiography can be identified. In patients who require CT angiography, CT venography can be performed more conveniently than lower extremity ultrasound. Virtually no additional resources are required to obtain the additional diagnostic information. Additional advantages include determination of clot burden in the lower extremities, obtaining a baseline showing areas of DVT not well seen with sonography, documenting thrombus location in cases where catheter interventions are being entertained, and improving the confidence level for the presence of VTE in cases of limited or equivocal findings on CT angiography.
Recognizing the potential dangers of ionizing radiation with CT, [28] [29] [30] it was determined that obtaining CT venography only of the thighs (excluding the pelvic veins) would reduce the radiation exposure at no loss of diagnostic sensitivity. 2, 31 Adopting discontinuous imaging of the leg veins and other dose-reduction strategies can reduce pelvic radiation by more than 75%. 31 It was also shown that CT venography and compression ultrasonography are diagnostically equivalent. 26, 32 A disadvantage of CT venography is the additional radiation to which the patient is exposed. Goodman et al 31 calculated that pelvic and leg veins CT venography carried a pelvic radiation dose of 9.1 mSv. The dose could be reduced to 2.0 mSv by the use of 5-mm axial discontinuous sections with 15-mm skip, automated current modulation, and scanning from the acetabulum to the knees rather than the iliac crest to the knees. Kalva et al 2 calculated that pelvic radiation was 5.2 mSv and lower extremity radiation was 0.6 mSv. Begemann et al 20 calculated a median effective dose of 8.26 mSv for CT venography (iliac crest to knees). Although compression ultrasound instead of CT venography would eliminate exposure to ionizing radiation, it entails time for completion and may not be immediately available.
Outcome studies showed a low risk of VTE after 3 months without treatment if the CT angiogram was negative and leg studies were not obtained (or would not have been obtained). 22, 27, 33 However, diagnoses may have been overlooked because only 10% or fewer untreated patients with mild PE, which is easily missed on imaging, show a recurrence in 3 months. 34, 35 The relative merits of accurate assessment need to be weighed against the disadvantages of exposure to radiation as well as additional cost and inconvenience. This is a matter of clinical judgment in individual patients.
Strengths of this investigation are the large number of patients investigated (1903) and the inclusion of university hospitals and a community hospital. Weaknesses are that the data were obtained retrospectively from the radiology reports. Clinical information was not available in the medical records of several patients. Finally, there was no independent validation of the diagnostic classifications. We do not know the incidence of false-positive interpretations. False-positive interpretations would lead to unnecessary treatment and its inherent risks.
In summary, with the current liberal use of 64-detector CT angiography in patients with suspected PE, the prevalence of PE is low and the prevalence of a positive CT venogram in patients with a negative CT angiogram is even lower (1.3%). However, the proportion of patients with VTE diagnosed by a CT venogram alone, 10.8%, is sufficiently high to merit consideration of its use, especially in those at high risk for DVT. 
